A field experiment was carried out on saline soil ( loamy sand soil ) at Gelbana Village, El-Tina Plain, North -Western Sinai Peninsula , Egypt during two successive growing summer seasons of 2011 and 2012 to study the influence of potassium fertilization on the productivity of maize ( Zea mays L. , cv. Trible hybrid 310 ) and yield component . The maize was grown on newly reclaimed saline soil of Egypt under different levels of irrigation water. The used irrigation water resource was El-Salam Canal . Potassium fertilization was applied as soil application at rates of 0 , 24 , 36 and 48 kg K2O / fed. and as foliar application at rates of 0 , 1 , 2 and 4 % K2O, equal to 0, 4 , 8 and 16 kg K2O/ fed., respectively which dissolved in 400 liter water of irrigation and sprayed . The used K fertilizer was K2SO4 ( 48 % K2O ) . Each rate of added K as soil application and foliar application was added on two equal doses after 30 and 65 days from sowing . Surface irrigation system was used , where the soil was irrigated at three levels of water requirement (WR) of maize plant under saline soil conditions. These levels were 50 , 75 and 100 % of WR , which equal 4250 m 3 / fed. The experiment was carried out in split design with three replicates .
INTRODUCTION
Soil salinization is one of the major causes of declining agricultural productivity in many arid and semiarid regions of the world . Excessive salt concentrations in soil , in most cases , cannot be reduced with time by routine irrigation and crop management practices (Qadir et al., 2001) . Also, the increasingly uses of low quality water and conventional agriculture practice continue on worsening the problem ( Darwish et al., 2005 ) .
Soil moisture is one of the most important factors which influence the yield and quality of crop as it affects the chemical, biological and physical conditions of soil . In the scarcity of the fresh water resources that , limited in a portion amounting 55 milliard m 3 water annually from Nile water . In addition, all drainage water between Aswan and Cairo are returned back to the Nile River, there by reused in the Delta where several main drains discharge to the Rosetta and Domitta branches ( Amer et al., 1996 ) .Thus, El-Salam Canal is one of the national promising projects involves the reuse of drainage water, after reducing its salinity levels by mixing the Nile water with Bahr Hadoos drains ( 1.095 milliard m 3 drainage water) and El -Serw drain ( 1.245 milliard m 3 drainage water ) , which are considered the main source for the drainage water, while the fresh Nile water is about 2.11 milliard m 3 water ( DRI , 1993 ) . Potassium is one of the essential nutrients required for plant growth and reproduction. In general, potassium nutrition improves water use efficiency by its involvement in stomata regulation as well as by affecting growth and dry matter production . Also , both water use efficiency and water economy values show clearly that the high rate of K application had positive effect on the beneficial use of the water for different crops (Shehata et al., 1990) . Anderson et al.(1992) found water use efficiency was increased (12 %) of barley with high potassium application on coarse textured sandy soil. One of the mechanisms for improving plant tolerance to drought is to apply K which seems to have a beneficial effect in overcoming soil moisture stress. Potassium fertilization mitigates the adverse effects of moisture stress in plants by increasing translocation and maintaining water balance within plants ( Greenwood and Karpinets , 1997 ) . Foliar fertilization of crops can complement and guarantee the availability of nutrients to crops for obtaining higher yields (Arif et al.,2006) . Spraying wheat plants with K before subjecting the plants to drought treatment diminished the negative effects of drought on growth and in turn increases yield per plant (El-Ashry and El-Kholy , 2005) since, plants are able to utilize foliar-applied K and translocation it to almost all plant parts . El-Gamal (2008) mentioned that K nutrition improved water use efficiency. Kolahchi and Jalali (2007) stated that soluble K was increased with increasing number of irrigation and increasing potassium application rate .
Corn (Zea mays L.) known as maize is the world's third most important cereal crops after wheat and rice. Corn is grown primarily for grain and secondarily for fodder in raw material for industrial process . The grain is used for both human and animal consumption . The vegetation is part of the plant contgreen and either dried or med into silage for animal food. Maize is one of the most important foods in Egypt , where it is planted for use than 1.979 million fed. ( 2005 ) . The average grains yield slightly over 3.52 ton / fed. ( Fayed , 2009) .
The objective of this study was to the evaluate application methods and rates of potassium fertilization efficiency under different water requirement levels in newly reclaimed saline soil in relation to maize growth and yield components .
MATERIALS AND METHODS
A field experiment was carried out on saline soil ( loamy sand soil ) at Gelbana Village , El-Tina Plain , North -Western Sinai Peninsula , Egypt during two successive growing summer seasons of 2011 and 2012 to study the influence of potassium fertilization (rate and application methods) on maize and water use economy under irrigation by El-Salam Canal water. Representative surface soil samples (0 -30 cm ) were taken from the soil used before performance of the experiment. Soil samples were air -dried, ground, good mixed, sieved through a 2 mm sieve and analyzed for some physical and chemical properties according to the methods described by Black (1965) and Cottenie et al. (1982) . The obtained data were recorded in Table (1) . Water samples were taken every month i.e. May , June, July and August during cultivation period of maize plants of two growing seasons, to detect the changes in water quality during the experimental work. The water samples were analyzed for some chemical properties according to the methods which were described by Cottenie et al. (1982) and Klute (1986) . The obtained data were recorded in Table ( 2). The experimental plots in this study were 72 unit, including 3 levels of irrigation water, i.e. 50 , 75 and 100 % of water requirement (WR) of maize which equal to 2125 , 3187 and 4250 m 3 water, respectively × 2 application methods of K fertilizer (soil and foliar application) × 4 application rates of K fertilizer × 3 replicates. The area of each plot was 10.5 m 2 ( 3 m width × 3.5 m length, i.e. 1/400 fed.). So, the design of this experiment was spilt plot with three replicates . All agricultural practices beginning from sowing to harvesting were carried out as recommended by Egyptian Ministry of Agriculture . Before sowing , all plots were fertilized with ordinary super phosphate ( 15.5 % P2 O5 ) at a rate of 45 kg / fed.
Maize grains ( Zea mays L. , cv. Trible hybrid 310 ) were sown at 20 and 25 of May in the first (2011) and second season (2012) , respectively in 30 cm spaced hills at a rate of two grains / hill on rows with 70 cm width . Surface irrigation system was used where the applied amounts of irrigation water were calculated the based on the recommendations of Egyptian Ministry of Agriculture, the water requirement (WR) through grown season of maize plants under low water quality and saline soil conditions is 4250 m 3 / fed . The plants were thinned after 20 days from sowing at one plant per hill. Also, the plots were fertilized with urea (46 % N ) at a rate of 120 kg N / fed. (recommended dose) , which divided into three equal doses, where these doses were added after 21 , 42 and 63 days from sowing . The used K fertilizer in this study was potassium sulphate (48 % K2O) . Finally, the tested rates in soil application method were 0 , 24 ,36 and 48 kg K2O/ fed. These rates equal 0, 100, 150 and 200 % of K recommended dose ( 24 kg K2O / fed.) . Each rate of added K as soil application was added on two equal doses after 30 and 65 days of sowing. On the other hand, the application rates of K in the foliar method were 0 , 1 , 2 and 4 % K2O , equal to 0, 4, 8 and 16 kg K2O , respectively. The foliar solution was prepared at both rates and applied at the level of 400 liter / fed. using hand sprayer twice at the same time of soil application .
At 18 and 22 September of 2011 and 2012 respectively, the plants of each plot were harvested separately above the soil surface . The harvested plants were cure -dried and the ears were separated from stover. Also , the grains were separated from ears. After that some of agronomic traits were recorded, i.e., weight of stover yield (ton / fed.) ,weight of ear (g / plant) , weight of grain (g / plant) , weight of grains yield (ton / fed.) and weight of 100 grains (g) , where , ton = 1000 kg and ardab = 140 kg . For chemical determination, dried grains were fine powdered and wet digested according to the method described by Chapman and Pratt (1961) . Nitrogen , P and K content in the digests were determined according to the methods described by Cottenie et al.( 1982 ) and Page et al. ( 1982 ) . Crude protein percent was estimated in such organ by multiplying N % by 5.75 as described by A.O. A.C. (1990) . The atomic absorption spectrophotometer was used to determine Zn, Mn and Fe concentrations in prior organ according to the methods recommended by A . O. A. C. (1990) .
Water economy was calculated by dividing the crop yield by the amount of added water ( Talha et al., 1980) . As judged by kg of plant organs produced per m 3 water consumed . Results of all the studied parameters were statistically analyzed using the combined analysis of the two growing seasons according to Gomez and Gomez (1984) . The significant differences among means were tested using the least significant differences ( L. S. D.) at 5 % level of significance .
RESULTS AND DISCUSSION
Growth Parameters : Effect of K fertilization .
The presented data in Tables ( 3 and 4 ) show the effect of the studied treatments of K fertilization and irrigation water on maize growth parameters and its relative change (RC) . The data show, K fertilization as soil or foliar application resulted in a significant increase of the measured growth parameters .i.e. stover yield ( ton / fed.) , grain weight (g / plant) , ears weight (g / plant) , weight of 100 grains (g), grains yield (ton / fed.) and biological yield (ton / fed.). The increases in these parameters were due to the increase of added K . The rate of these increases which reflect the rate response of maize plant to K fertilization and measured as relative change (RC,%) was positive and varied from parameters to another. According to the mean values of RC (%) , the studied growth parameters takes the following order : grain yield > stover yield > weight of 100 grain > grains weight > ears weight for foliar application , and its stover yield > grains yield > weight of 100 grain > grains weight > ears weight for soil application . This arrangement was found at different application rates of K fertilization. Also, this arrangement show high effect of K fertilization on the grains yield of maize. In addition this order was not affected by irrigation rate. In this respect, Abou El-Defan et al. (1999) ; El -Bana and Gomaa (2000) and Basak (2006) obtained similar results .
Regarding to the effect of application methods of K fertilizer on some growth parameters of maize plant, data recorded in Tables (3 and 4) show that, the found increases in the studied growth parameters and its RC (%) resulted from soil application were higher than those associated with the treatments of foliar application . This trend was attributed to the greater units of added K in soil application compared with that used in foliar application . With both soil and foliar applications at the same irrigation rate, the rate of the found increases in the studied growth parameters was decreased with the increase of added K fertilizer. These results are in agreement with those obtained by El -Bana and Gomaa (2000) and Hu et al . (2008) obtained similar results .
The calculated values of agronomic efficiency (AE) for each added unit of K fertilizer ( kg K2O ) for both soil and foliar applications which recorded in Tables (3 and 4) show that , with different application rates of K under different irrigation levels , AE values of added K as foliar were higher than those found in the soil application . This trend show high efficiency and greater response of maize plant to each weight unit of added K in foliar application compared with that resulted from soil application. These findings were resulted from the direct uptake of added K in foliar application by plant leaves and also from rapid adsorption and fixation reactions for added K as soil application ( Basak , 2006 ) . The values of AE were decreased with the increase of added K in both foliar and soil applications and with all growth parameters under study. These findings are in harmony with those obtained by Abou El-Defan et al. (1999) and El-Gamal (2008) .
Concerning to the data of biological yield ( ton / fed.) which recorded in Tables (3 and 4) as affected by the studied treatments of K fertilization may be observed that, under different irrigation regime, the values of biological yield were increased with the increase rate of added K fertilization in foliar and soil application . Biological yield associated with K soil fertilization was higher than those resulted from K foliar fertilization. These findings show high positive and increase effect of soil application on grains and stover yield (ton / fed.) compared with that found with foliar application. The high values of biological yield were found at rate of 48 kg K2O at soil application. In this respect Abou El-Defan et al. (1999) and Karki et al. (2005) obtained on similar results . Effect of irrigation regime . Data in Tables (3 , 4 and 5) show that, the increase of added irrigation water increases significantly some growth parameters under study and non significant increases on the others , where the lowest values were associated the treatments of 50 % of WR. These findings may be supported by the calculated values of RC (%) which were negative and varied from parameter to another . These values also show that , with both foliar and soil application methods of K fertilization at different application rates, the high negative values of RC were found with weight of 100 grain and the low negative values were recorded with stover yield. These findings were observed at 50 and 75 % WR . The same data also show that , the values of RC of growth parameters as affected by rates of added irrigation water in K soil application were more negative compared with those found with the treatments of foliar application. These findings concluded that , the drought resulted in the decrease of K absorption which applied as soil application compared with that occurred with foliar application. These results are in agreement with those obtained by Anderson et al. (1992) and El-Dardiry et al. ( 2010) . Table (6) show , the irrigation water economy for maize plants grown under saline conditions varied widely according to the added water rates as a percent of water requirement of maize plant under Egyptian conditions and also to application rates methods of K fertilization . These data show that, at the same level of irrigation , the yield produced from both stover and grains (for each one m 3 of the added water) was increased with the increase rate of added K as soil or foliar application . The increases in the produced stover were higher than those recorded with grains . These findings means that , irrigation water economy was increased with K fertilization especially with soil application . So , under narrow and small shortage of irrigation water supply may be over coming by K fertilization . The results show that, the best values of water economy was with 48 kg K2O / fed. for soil application and 4 % K2O for foliar application at 50 % WR . In this respect, Shehata et al. (1990) and Fusheng (2006) obtained similar results .
Data in

Combined effect of K fertilization and irrigation regime .
Based on the recorded data in Tables (3 to 6) and the premenition discussion for the individual effect of either of K fertilization or irrigation regime it may be observed and concluded that, there is a good positive relationship between these two factors . All growth parameters under study were increased with the increase of both K fertilization and irrigation water rates individually and in combination, where AE of the tested K fertilization rates were increased with the increase of added irrigation water especially with soil K fertilization. Also water economy of irrigation water increased with the increase of added K fertilization where these increases were higher than with soil application . 
Maize Grains Content of N, P, K and Protein : Effect of K fertilization.
The presented data in Tables (7 and 8) show that, the maize grains content (%) of N, P, K and crude protein and their relative changes (RC,%) as affected by both K application methods and their application rates . These data reveals that, with both foliar and soil applications, the content of these macronutrients was increased significantly with the increase of added K fertilization rates . This trend was found in the two growth seasons with all irrigation regime treatments . These results were in confirmation with those found by Ibrahim (2005) and El-Dardiry et al. ( 2010 ) . With different irrigation treatments, grains maize contents of N , P, K and protein in the plants treated by K as soil application were higher than those treated by K as foliar application. This trend was resulted from the greater units of K2O added per fed. in the soil application compared with that added as foliar application. Thus, the calculated values of RC (%) for the content of N , P , K and crude protein under soil application treatments were higher than those recorded with those found for the treatments of foliar application. Also, the values of RC for these determinations were increased with the increase of added K in both soil and foliar applications . The increases of grains maize contents of N , P , K and protein as a result of K fertilization were varied from one to another, where the high RC values were recorded with P followed by K . In this respect, El-Bana and Gomaa (2000) and El-Gamal (2008) obtained similar results . 
Effect of irrigation regime .
The data recorded in Tables ( 7 and 8 ) show that, under different application rates of K fertilization as soil or foliar applications, the grains contents (%) of N , P , K and protein were increased significantly with the increase of irrigation water amounts. This trend was cleared by the calculated values of RC (%) for the contents of these parameters where the highest values were recorded with the plants irrigated by 100 % WR followed by these irrigated at 75 % WR . These results are in agreement with those obtained by El-Gamal (2008) and El -Dardiry et al. (2010) .
Data in Table ( 9) show the values of RC (%) of grains content of N , P , K and protein at same application rate of added K as soil and foliar applications as affected by added amounts ( % WR ) of irrigation water . These values were negative and became more negative with soil application compared with those found with foliar treatments . The negative level of these values varied from K treatment to another . Such these negative effect of irrigation water depression was mentioned by Saini and Westagate (2000) ; Fusheng (2006) and El-Gamal (2008) .
The combined effect of K fertilization and irrigation regime .
According to the presented data in Tables ( 7 to 9 ) and the premeditative discussion for the individual effects of both K fertilization and irrigation regime , it may be concluded that , increasing application rates of K fertilization and added irrigation water were resulted in a high increases of grain contents of N , P , K and protein . These increases were more higher in K soil application with different levels of irrigation regime . 62 -15.22 -11.02 -11.63 -22.12 -12.24 -4.01  75  -6.06 -6.52 -6.78  -6.06  -10.90 -5.40 -1 
Maize Grains Content of Some Micronutrients : Effect of K fertilization .
The presented data in Tables (10 and 11) show that, the maize grain contents ( mg / kg ) of Fe, Mn and Zn were increased significantly with the increase of added K fertilization for both soil and foliar applications . With different treatments of irrigation, the content of these micronutrients resulted from the treatments of soil application were higher than those associated the treatments of foliar application . So , all values of RC (%) calculated for the grain contents of Fe , Mn and Zn were positive . Also, these values of RC (%) for the soil application were higher than those associated the treatments of foliar one at different treatments of irrigation (Tables, 10 and 11) . In both application methods of K fertilization the high content was recorded with Fe followed by Zn . On the other hand, the highest values of RC for soil application were found with Mn followed by Fe , where were found with Fe followed by Mn for the treatments of foliar application . These findings were found with different application rates of K fertilization under all treatments of irrigation . These results are in agreement with those obtained by Abou El -Defan et al. (1999) and Karki et al. (2005) . Effect of irrigation regime . The presented data in Tables (10 and 11) show that, the maize grain contents ( mg / kg ) of Fe , Mn and Zn were increased with the increase of added irrigation water. These increases were found at all application rates of K fertilization either of soil or foliar application. This enhanced effect of the increase of added water may be cleared by the calculated values of RC (%) for grain contents of Fe , Mn and Zn as recorded in Table ( 9) . The values of RC at 75 % WR were higher than those at 50 % WR . This trend was found with the three micronutrients under different treatments of K fertilization. These results may be attributed to the high release rate of these micronutrients followed by increase of their absorbed rates by plants with the increase of soil moisture content specially under saline conditions. The effect of irrigation level on the content of Fe , Mn and Zn was varied from nutrient to another, where these nutrients may be arranged according to their content of maize grains as follows : Fe > Zn > Mn . Also, with the three micronutrients and at the same level of irrigation , the calculated values of RC (%) for these nutrients were not replaced defined trend which varied from treatment to another. These results are in agreement with those obtained by Fusheng (2006) and El-Dardiry et al. (2010) .
The combined effect of K fertilization and irrigation regime .
According to the presented data in Tables ( 9 , 10 and 11 ) and the previous discussion for the individual effects of both K fertilization and irrigation regime , it may be concluded that , increasing application rates of K fertilization and irrigation level ( % of WR ) were associated with clear increases of grains content ( mg / kg ) of Fe , Mn and Zn . These increases were higher for the treatments of K soil application at different levels of irrigation regime than foliar one .
Conclusion.
The obtained data reveal the following conclusions , under newly reclaimed saline soil , K fertilization improved plant growth and its content of nutrients, the K fertilization as soil application was more confirmed than foliar one . Agronomic efficiency of K fertilization value was the best with irrigation at 100 % water requirement . 
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